Cancer dormancy is a clinical state in which residual tumor cells persist for long periods of time but do not cause detectable disease. In the mouse B cell lymphoma model (BCL1), dormancy can be induced and maintained by immunizing mice with a soluble form of the IgM expressed on the surface of the tumor cells. Immunization induces an anti-idiotype antibody response that maintains dormancy. Mice with dormant tumor have low numbers of BCL1 cells in their spleens that divide and are killed at the same rate. When the anti-Id antibodies wane, the tumor cells grow rapidly and kill the host. Spleens from tumor-bearing mice contain both effector (CD4 + and CD8 + ) and regulatory T cells (T regs ). In other tumor models, it has been reported that T regs promote tumor progression by preventing effector cells from killing the tumor. In this report, we demonstrate that the tumor site with rapidly dividing BCL1 cells has fewer T regs than the tumor site harboring dormant BCL1 cells. In both cases, the T regs were equally suppressive in vitro. In spleens from mice with actively growing tumor, CD8 + but not CD4 + T cells were virtually absent. In vitro analysis demonstrated a tumor- 
Introduction
The tumor site represents a complex microenvironment where malignant cells reconstruct the milieu to promote tumor growth while anti-tumor immune responses aim to eliminate tumor cells. When effective, anti-tumor immunity can induce quiescence or dormancy in tumor cells. Cancer dormancy is a clinical state in which tumor cells are present in clinically healthy subjects but are maintained in a steady state; yet relapses can occur years later [1] . Indeed, many cancer patients who are in complete remission have circulating tumor cells (CTCs) in their blood or bone marrow [2, 3] and the presence of these cells suggests that tumor is present but probably dormant [4] .
We have extensively studied tumor immunity in the mouse BCL1 model of tumor dormancy [5] [6] [7] . This is a relatively unique model where tumor dormancy is mediated by antibody against the idiotype (Id) of IgM/IgD expressed on the BCL1 cells. When inoculated into non-immunized BALB/c mice, the BCL1 tumor cells initially proliferate in the spleen, resulting in pronounced splenomegaly. Tumor cells are later found in blood and lymph nodes. Immunization with the BCL1 IgM-Id induces high titers of anti-Id antibodies that provide long-lasting protection against subsequent challenge with BCL1 tumor cells. Although the tumor cells grow for a short time in the immunized mice, tumors then regress and persist in a constant number (10 6 − 10 7 ) in the spleen. Over time, tumor cells can proliferate in some of the mice and this "relapse" has been attributed to several factors including decreases in anti-Id antibody titers and mutations in the signaling pathway by which the anti-Id inhibits tumor growth [7] .
Cellular immunity against the BCL1 tumor can enhance dormancy as suggested by the fact that interferon-gamma (IFN-γ) secreted by Th1 cells or cells of the innate immune system prolong immunity mediated by anti-Id antibody [8] . However, effective immunity can also be induced in SCID mice treated with anti-Id antibodies, thus demonstrating that T cell-mediated cellular immunity is not absolutely required [9] .
A formidable obstacle confronted in cancer therapy is the ability of tumor cells to evade anti-tumor immunity. This occurs partially through the tumor-mediated induction of suppressor cells within the tumor microenvironment. Immune-suppressor lymphocyte subsets such as regulatory T cells (T regs ) and B cells (B regs ) normally maintain systemic homeostasis by preventing autoimmunity and alleviating inflammation following the resolution of infection or injury [10] [11] [12] . However, tumor cells can manipulate these regulatory lymphocyte subsets to inhibit anti-tumor immune responses. Infiltration of T regs in the tumor microenvironment has been reported to induce immune tolerance and thus promote tumor progression [13] [14] [15] [16] . Moreover, increased numbers of T regs have also been shown to correlate with a poor prognosis in cancer patients [16, 17] .
The mechanisms by which T regs suppress effector immune responses include direct cell contact [18, 19] and secretion of immunosuppressive cytokines [20] [21] [22] . B cells have also been shown to control immune hyperactivity primarily through the production of IL-10 [23] . Such immunomodulatory "B regs " can induce T regs , downregulate T H 1 cytokines, and limit T H 17 differentiation [24] [25] [26] [27] . Therefore, B regs may also contribute to tumor progression.
In this study, we examined the role of regulatory cells in tumor progression. In the BCL1 tumor model dormant vs. active tumor environments could be examined in parallel. Our aim was to determine whether the presence of anti-tumor immune responses diminished the putative role of T regs on tumor progression. Unexpectedly, we found higher numbers of T regs in the spleens of mice harboring dormant tumor cells, as compared to the spleens of their non-dormant counterparts where tumor cells were rapidly expanding. Yet, T regs isolated from both tumor microenvironments suppressed the proliferation of effector T cells in vitro equally well. Our results show that in the BCL1 tumor, accumulation of T regs in the tumor site did not directly correspond with tumor growth and thus may be only one correlate of disease progression. Furthermore, we observed that the BCL1 tumor cells exhibited the phenotype and cytokine profile of the B10 subset of B regs and they directly suppressed CD8 + T cells. Therefore, the tumor cells were the most abundant inhibitory cell subset in the tumor microenvironment.
Our results suggest that cross-talk between malignant B regs and different types of normal effector T cells might be extremely important in the growth vs. stasis of B reg -like tumors, such as chronic lymphocytic leukemia (CLL), in humans. Although this is a single tumor model, it raises important questions about the interactions between B lymphoid tumors and both effector and regulatory T cells in their environment. 
Materials and Methods Mice

Conjugation of the BCL1-IgM to Keyhole Limpet Hemocyanin (KLH)
BCL1 IgM and KLH (CalBiochem; Los Angeles, CA) were each adjusted to 1 mg/mL with PBS, combined at a 1:1 ratio, mixed with 1.25% glutaraldehyde (Fluka AG; New York, NY), and incubated for 4 hours with continuous mixing. The conjugate solution was dialyzed against PBS at pH 7.4 and aliquots were stored at -80˚C.
Emulsification of the BCL1/KLH conjugate in Complete Freund's adjuvant (CFA) and immunization of mice 
BCL1 tumor inoculation
A frozen aliquot of spleen cells from BCL1 tumor-bearing mice was thawed and suspended in cold, sterile HBSS (Gibco; Gaithersburg, MD). Mice were injected with 5 x 10 4 cells/mouse into the peritoneum 28 days (D0) after the third and final immunization.
Examination of mice for dormancy or splenomegaly
Beginning at three weeks after the injection of tumor cells (D+21), mice were palpated twice weekly for splenomegaly. Mice were assigned a spleen index (SI) of 1-4 corresponding to increasing spleen size, as described previously [7] . Briefly, an SI = 1 corresponds to a normal T reg cell suppression assays 
Intracellular cytokine staining for IL-10
Spleen cells from mice bearing active BCL1 tumor cells and naïve mice were suspended at 1 x 10 6 /mL in stimulation medium prepared using RPMI-1640 (Sigma), L-glutamine (Sigma), NEAA (Gibco), Na-pyruvate (Gibco), 10% heat-inactivated FBS β-mercaptoethanol (50 μM; Sigma), LPS (10 μg/mL; Sigma), PMA (Sigma), Ionomycin (500 ng/mL; Sigma), and monensin (2 μM; BioLegend) and incubated for 5 hours at 37˚C, 5% CO 2 . Samples were washed with cold PBS+10%FBS and stained with antibodies against BCL1-Id, CD3 ( 
Analysis of soluble cytokines and BCL1-Id by ELISA
Serial dilutions of supernatants from 3-day cultures of BCL1.3B3 tumor cells were added to ELISA plates (BD Falcon) coated with rat anti-BCL1-Id. A positive control (previously purified BCL1-Id from our laboratory stocks) was serially diluted and used to generate the standard curve. An Id-IgM myeloma protein of irrelevant specificity (MOPC-104E, Sigma) was used as the negative control. Rabbit anti-mouse IgM μ-chain-HRP (Jackson Immunoresearch; West Grove, PA) was used as the detection antibody with O-phenylenediamine dihydrochloride (OPD) substrate (Thermo Scientific Pierce; Waltham, MA) as the detection solution and plates were read on an ELISA plate reader (Molecular Devices; Sunnyvale, CA). The cytokines IL-1β, IL-4, IL-6, IL-10, TNF-α, and IFN-γ (R&D Systems), and TGF-β (eBioscience) were also quantified by sandwich ELISA according to the manufacturer's protocol.
Caspase-3 Activation
CD8 + T cells were purified from the spleens of BALB/c mice using magnetic beads according to the manufacturer's directions (StemCell Technologies) and cultured with irradiated splenocytes, anti-CD3 (2 μg/mL; BioLegend), rIL-2 (50 ng/mL), and graded doses of purified BCL1 tumor cells. Anti-FasL (CD178, BioLegend) was added at 10 μg/mL as indicated. Cells were stained with fluorochrome-conjugated anti-CD8 (eBioscience) and anti-B220 (BD Biosciences) antibodies. Cells were then stained for intracellular caspase-3 (BD Pharmingen) according to the manufacturer's specifications. Samples were acquired on a FACSCalibur flow cytometer and analyzed using FlowJo software.
Results
Immunization of BALB/c mice with the BCL1 Id + IgM elicits the production of anti-Id antibody and results in the inhibition of tumor cell growth and the depletion of CD8 + T cells
Immunization of mice with the BCL1-Id + IgM-KLH conjugate resulted in the production of high titers of anti-Id antibodies, as has been shown previously [30] . Serum titers of anti-Id measured on D+60, the time-point for dormancy, from mice bearing dormant BCL1 tumors were 13-fold higher than those with non-dormant tumor cells on (data not shown Each group represents a mean of four to eight mice from at least 3 experiments. Data are shown as mean ± SEM (* p < 0.05, **p < 0.005, *** p < 0.0005, ****p < 0.0001; student's t-test).
doi:10.1371/journal.pone.0167618.g001 p = 0.092) (Fig 1D) . In the absence of immunization, the robust proliferation of BCL1 tumor cells in the spleen correlated with in an almost complete elimination of CD8 + T cells relative to controls (9.9-fold reduction, p = 0.001) (Fig 1D) . However, CD4 + T cells did not experience a statistically significant reduction (1.1-fold change, p = 0.545) (Fig 1C) . In contrast, both the CD4 + and CD8 + T cells in the spleens of mice with dormant tumor remained stable (Fig 1C   and 1D) . Therefore, active proliferation of tumor cells leads to the elimination of CD8 + T cells from the tumor site. In contrast, dormant tumor cells do not cause a depletion of CD8 + T cells from the tumor site.
Quantification of T reg cells in the spleens of mice with dormant tumor
It has been reported that T regs infiltrate tumor sites in a wide variety of cancers [13] [14] [15] [16] . On D +60 we examined the numbers of T regs in the spleens of mice with dormant vs. actively growing BCL1 tumor cells and the corresponding controls and found notable differences in numbers of T regs . (Fig 2A) . We observed the following: 1. Immunization alone resulted in a significant increase in the total number of T regs ( Fig 2B) but their percentages remained similar to those observed in the spleens from control mice (Fig 2C) . 2. The subsequent challenge of immunized mice with BCL1 tumor cells resulted in a reduction in the number of T regs in the spleen, i.e. spleens from mice with both dormant and actively growing tumor had fewer T regs (4.2 x 10 6 cells, p < 0.07 and 3.2 x 10 6 cells, p = 0.0002, respectively) than mice that were immunized but not injected with tumor cells (6.5x10 6 cells) (Fig 2B) . 3. All mice (with or without immunization) that were inoculated with tumor cells experienced a reduction in T regs in their spleens relative to their respective controls. T regs were fewest in mice that received BCL1 tumor cells without prior immunization (1.4 x 10 6 cells). In this group, T regs in the spleen constituted only 0.8% of the total lymphocytes compared to 9.9% in control mice (Fig 2C) . 4. Overall, the number of T regs decreased as tumor cells rapidly proliferated in the spleens, suggesting that rapid tumor cell expansion leads to the depletion of T regs at the tumor site.
The presence of BCL1 tumor cells in inguinal lymph nodes has no effect on the numbers of different T cells
It has been well documented that spleens contain far more BCL1 cells than other organs even when tumor dormancy is established [28] . Nevertheless, we examined T cells subsets in the draining lymph nodes to determine if they were also altered by the presence of tumor cells. We found that immunization alone resulted in an increase in T regs in the inguinal lymph nodes. The percentage of the T regs in the inguinal nodes of all mice correlated with their spleens. (Fig  3A and 3B) . However, unlike the situation in the spleen, the presence of small numbers of BCL1 tumors in the inguinal lymph nodes did not lead to a significant reduction of T regs as compared to healthy controls. Both the CD4 + and CD8 + T cells in the inguinal lymph nodes were also boosted by immunization. (Fig 3C and 3D) . This was likely due to the fact that these nodes drained the sites of injection. We also enumerated the T cell subsets in the mesenteric lymph nodes and found no difference in any of the experimental groups examined (data not shown). These results support the hypothesis that a certain threshold of tumor cells is required before T cells are depleted.
Immunization with BCL1-Id does not impair the function of T regs in the tumor microenvironment
Since T regs were more prevalent in the spleens from mice with dormant tumor cells as compared to those with actively growing tumor cells, we examined their capacity to inhibit effector T cell proliferation using T reg suppression assays. We observed that T regs from mice with either dormant or actively growing tumor suppressed the proliferation of naïve CD4 + T cells ( Fig   4A) . However, T regs from spleens of mice with actively growing tumor were more potent suppressor cells than those from spleens with dormant tumor cells i.e. they inhibited the proliferation of CD4 + T cells at the lowest ratio (0.25:1). Since the tumor microenvironment can impair effector T cell function, we also isolated CD4 + T cells from the spleens of mice with actively growing tumor mice to use as responder cells. In this case, T regs from both BCL1 tumor environments performed similarly in their ability to suppress the proliferation of CD4 + T cells suggesting that the tumor microenvironment also contributes to the functionality of effector T cells (Fig 4B) . T regs from mice with dormant tumor cells also inhibited the proliferation of CD8 + T cells, further demonstrating that the induction of dormancy did not impair the function of T regs . Importantly, T regs almost completely prevented the proliferation of CD8 + T cells in co-culture (Fig 4C) . T reg -induced suppression of CD8 + T cells was also observed when their numbers were adjusted to match the physiological ratios we observed in the spleen (average of 0.4-to-1 from Figs 1D and 2B) . Together, these data suggest that T regs from the mice with both dormant and actively growing tumors suppress the proliferation of CD4 + and CD8 + T cells to the same extent, but that there were more T regs in the spleens of mice with dormant tumors.
T cell suppression by T regs requires cell contact
We examined the mechanism by which T regs suppress CD4 + T cells. Previous reports have
shown that different subsets of T regs can mediate suppression by the secretion of inhibitory ) in the inguinal lymph nodes were examined within each group of mice 60 days after tumor challenge. Healthy control mice were age-matched to the experiment groups. The total number of (C) CD4 + T cells and (D) CD8 + T cells within the inguinal lymph nodes were determined within each group at 60 days after tumor challenge. The values represent a compilation of 1-3 different experiments with 4-13 mice per group. Data are shown as mean ± SEM (* p < 0.05, **p < 0.005, *** p < 0.0005, ****p < 0.0001; student's t-test). cytokines such as IL-10, TGF-β and IL-35 and by direct cell contact [18] . In agreement with other reports [22, 31] , our experiments showed that neither the addition of neutralizing anti-IL-10 antibodies nor rIL-10 decreased the in vitro suppressive activity of T regs (data not shown). Moreover, addition of recombinant IL-10 did not suppress the proliferation of the CD4 + cells in vitro (data not shown). As noted earlier, co-culture of T regs with CFSE-labeled CD4 + T cells inhibited their proliferation as observed by the lack of CFSE dilution ( Fig 5A) .
However, in trans-well assays in which contact between T regs and CD4 + T cells was prevented, T reg -induced suppression was lost (Fig 5B) and the proliferation of CD4 + T cells proliferation was similar to that of CD4+ cells in wells containing no T regs (Fig 5C) . These results show that T regs from the spleens of mice with dormant tumors are functional and maintained their ability to suppress T cells and that suppression requires cell contact. 
T regs cells do not suppress BCL1 tumor cell proliferation or IgM secretion in vitro
Most studies on T reg function have examined their capacity to suppress T cell proliferation. However, it has also been shown that T regs can directly suppress the proliferation of B cells [24] . Since the immunized mice had a higher ratio of T regs to BCL1 tumor cells as compared to non-immunized tumor bearing mice, we examined the ability of T regs to inhibit the proliferation of tumor cells. The baseline proliferation of BCL1 tumor cells in culture (no T regs added) was measured and used to determine the relative proliferation of BCL1 tumor cells that were co-cultured with T regs . We found that T regs co-cultured with equal numbers of BCL1 tumor cells, neither inhibited tumor cell proliferation (Fig 5D) nor induced a statistically significant change in the number of tumor cells.
We next examined the effects of T reg cells on the secretion of IgM by BCL1 tumor cells. T regs from the spleens of mice with dormant tumors were co-cultured with tumor cells for 3 days after which the media were collected and assayed by ELISA for levels of BCL1-Id + IgM.
As shown in Fig 5E, the addition of T regs did not inhibit the secretion of IgM by the tumor cells. Therefore, T regs within the tumor site did not exhibit any direct effects on BCL1 tumor cells that we could measure in vitro.
BCL1 tumor cells exhibit characteristics of B regs
B regs are specialized B cells that secrete high levels of IL-10 and can suppress immune activation [32] . We hypothesized that since the BCL1 tumor cells are malignant B cells, and that they are immunosuppressive in mice [33] , they might exhibit characteristics of B regs . To explore this possibility, we stained spleen cells from the BCL1 tumor-bearing mice with antibodies against BCL1-Id, and the cell surface markers, CD1d and CD5 that identify the B10 subset of B regs [23] . An examination of the co-expression of CD1d and CD5 by flow cytometry yielded 3 distinct subsets of B cells in the spleen (Fig 6A) . Of the 3 subsets, only the CD1d hi CD5 + subset, which corresponds to B10 B regs , also co-stained with the anti-BCL1-Id. Moreover, a similar B reg phenotype was also observed using in the spleen cells from mice with dormant vs. actively dividing BCL1 tumor (Fig 6B) , suggesting that immunization does not alter the B reg phenotype of the tumor cells. Moreover, we observed that the BCL1.3B3 cell line (adapted for in vitro growth) [29] expressed the same B reg phenotype (Fig 6C) .
Although BCL1 tumor cells secrete IL-10 they mediate T cell suppression primarily by inhibiting cell-cell contact
We next examined the tumor cells for secretion of IL-10, the signature CD1d hi CD5 + B reg cytokine [32] . Intracellular staining of BCL1 cells directly harvested from spleens and showed that they indeed produced IL-10. (Fig 6D) . By comparison, normal splenic B cells did not produce measurable levels of IL-10, confirming that IL-10 production is confined to the BCL1 tumor cells. We further studied the cytokine profile of the tumor cells by examining levels of an array of cytokines by ELISA in cultured BCL1.3B3 cells. We found that BCL1.3B3 cells secreted high levels of IL-10, but not TGF-β another immunosuppressive cytokine, or the pro-inflammatory cytokines, IFN-γ or TNF-α (Fig 6E) . Interestingly, the BCL1 tumor cells also secreted IL-6, which has been described to contribute to the impairment of immune responses in the tumor milieu [34] . As discussed earlier, CD8 + T cells were completely eliminated from the spleens of nonimmunized BCL1 tumor-bearing mice (Fig 1D) . Since the tumor cells expressed the phenotype and cytokine profile of B10 B regs , we hypothesized that they either inhibited the proliferation of CD8 + T cells or actively killed them. To further explore this issue, we modified the standard T reg suppression assay by using the BCL1 tumor cells as suppressor cells. Purified BCL1 Id + tumor cells were co-cultured in graded doses with CFSE-labeled CD8 + T cells for 72 hours.
Cultures were analyzed for the proliferation of CD8+ cells using CFSE dilution. In the absence of BCL1 tumor cells, the majority of the CD8 + T cells underwent proliferation in vitro ( Fig   7A) . Interestingly, co-culturing CD8 T cells with equal numbers of tumor cells increased the proliferation of CD8 + T cells (Fig 7B) . However, when examining the in vivo tumor microenvironment, we had observed that the number of BCL1 tumor cells was consistently >200-fold higher than the number of CD8 + T cells (Fig 1B and 1D) . Therefore, for the in vitro assay, we adjusted the number of tumor and CD8 + T cells to numbers that would be more analogous to their physiological ratios. This resulted in a complete inhibition of the proliferation of the CD8 + T cells (Fig 7C) . Taken together, these results lead us to hypothesize that when there are few tumor cells present, that they actually enhance the numbers of anti-tumor effector T cells. As the number of tumor cells increase and greatly outnumber these effector T cells, they can then kill them or inhibit their proliferation. We also determined whether the T cell suppression was due to cell contact using the transwell assay. We found that preventing contact between tumor cells and CD8 + T cells restored the proliferation of the latter (Fig 7D) . This was not due to overcrowding in the cell culture since equal numbers of normal spleen cells had no such effect, although there were fewer rounds of cell division, as might be expected (Fig 7E) . These results demonstrate that BCL1 tumor cells suppress the proliferation of CD8 + T cells primarily by cell-cell contact. 
BCL1 tumor cells induce apoptosis in CD8 + T cells by activating caspase-3
To gain further insight into the mechanism by which BCL1 tumor cells eliminate CD8 + T cells, we examined caspase-3 activation in the CD8 + T cells following their co-culture with BCL1 tumor cells. Caspase-3 is a member of the family of effector caspases and its active form triggers the apoptosis pathway. Caspase-3 activation can be initiated in target cells by the binding of Fas-ligand (FasL) to its surface receptor, CD95 (Fas), which leads to subsequent activation of the caspase-3-mediated apoptosis [35] . Since BCL1 tumor cells express FasL (data not shown), we questioned whether tumor cell-mediated inhibition of CD8 + T cells was induced via the FasL-mediated caspase cascade. We therefore co-cultured purified CD8 + T cells with graded doses of BCL1.3B3 tumor cells for 5 or 48 time hours and assessed the activation of 
Discussion
In this study we used an established mouse model of B cell lymphoma, BCL1, to examine the interaction between tumor cells and T lymphocyte subsets within the tumor microenvironment, i.e. the spleen. Inoculation of tumor cells into BALB/c mice results in rapid growth of the tumor in the spleen over a period of 2-4 months. The tumor cells finally spill out into the blood and lymph nodes [6, 28] . Immunization of mice using the IgM-Id antibody elicits a potent and specific antibody-mediated anti-tumor response. When immunized mice are inoculated with BCL1 tumor cells, the tumor grows for a short period of time and then regresses into a dormant state that can last for the lifetime of the mice [36] . [37] . In that report a significant loss of CD8 + T cells relative to other lymphocyte subsets was observed. They further noted that co-incubation of T cells with tumor cells led to a variety of functional impairments resulting in the activation of caspases and T cell apoptosis [37] . Taken together with these results, our studies demonstrate that rapidly proliferating tumor cells can kill cytotoxic and regulatory T cells in the tumor milieu. In contrast, BCL1 tumor cells, whether dormant or active, had no inhibitory effects on CD4 + T cells in the spleen. Total This is consistent with a report describing the activation of memory-effector cytotoxic T cells [39] . An important finding to emerge from our study is that mice with large BCL1 tumor burdens also had fewer T regs in their spleens than mice harboring dormant BCL1 tumor cells. Our results differ from those using other tumor models where increases in T regs correlate with tumor expansion and disease progression. Other studies have suggested that T regs support tumor growth by inhibiting anti-tumor immunity [40] . Moreover, clinical studies have reported increased numbers of T regs in tumors and draining lymph nodes in patients with solid tumors [13, 16] . Yet, while the presence of greater numbers of T regs has been associated with the progression of solid tumors, increased numbers of T regs in patients with hematologic tumors does not always confer poor clinical outcomes [41, 42] . Therefore, it is possible that rapidly growing neoplastic B regs are unique in their ability to suppress or kill T regs . However, the T reg profile that we describe here may also be unique to this particular model of B cell lymphoma and tumor dormancy. Although we found that the T regs had no effects on BCL1 tumor cells in vitro even though they have been reported to directly suppress the activation of normal B cells [43] + and are functionally immunosuppressive. They have been reported to inhibit autoimmune disorders [46] . A recent study further elucidated B regulatory functions by demonstrating shared characteristics between CLL, a common adult B cell leukemia, and human IL-10 + B regs [47] . Notably, the ability of CLL cells to produce IL-10 appeared to influence disease progression [23] probably, in part, by immunosuppression. Indeed patients with CLL often succumb to infections. Interestingly, the clinical characteristics and histopathology of BCL1 tumor cells were described to be analogous to prolymphocytic leukemia or CLL in humans [48, 49] . The data presented in this study offer new insights into the presence and function of normal T regs and malignant B regs . While the major mechanism for the establishment of dormancy appears to be signaling by anti-Id antibody [9] , anti-Id does not eliminate all the tumor cells. However, once most of the tumor cells are eliminated, the interplay between the remaining effector and regulatory T cells and the tumor cells leads to the steady state that we define as "dormancy". When tumor "relapse" occurs, the tumor cells again grow, kill the effector T cells, immunosuppress the host (likely by IL-10 secretion), and result in death. Our results support the strategy of combining inhibitory anti-tumor antibodies or immunoconjugates with antibodies or drugs that can unleash the effector T cells in the host.
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